n e w s a n d v i e w s genetic variance. These may be overestimates, as they were derived from the same lines used to estimate the effects. More impressively, the estimated effects explained around 80% of the variation between founder lines for LA traits and 75% for SLB. Both studies found little evidence for gene-gene interactions, and although the power to detect such epistasis would be limited, the ability to predict parental phenotype on the basis of the additive combination of effects leaves only limited room for a role of gene-gene interactions. Interactions between genotype and environment were present for LA traits but were generally small relative to the effect of genotype.
Association testing for both studies was based on procedures that aimed to increase sensitivity by controlling for background genetic effects on all chromosomes except the chromosome under investigation by inclusion of the loci detected by linkage analysis in the statistical model. This was combined with bootstrap-based subsampling that should increase robustness and has been successfully applied previously in studies of mice 5 . Of the 1.6 million SNPs, between 203 and 295 (LA traits) and 245 (SLB) were found to be significantly associated to the respective trait. These associated SNPs were enriched within the regions identified by linkage analysis (around 40-50% of these SNPs were in linkage regions for LA traits, and the proportion increased for the SNPs with stronger evidence for association). However, some linkage regions contained no SNPs, and many SNPs were also found outside of these regions. The final model for SLB explained 78% of the founder line variation using 51 SNPs. But this best model included 18 SNPs not in linkage regions as well as three linkage regions that contained no associated SNPs. Limitations in the power of the study and SNP coverage will explain some of these differences, but it seems likely that the linkage and association approaches identified overlapping but distinctly different subsets of the genetic variation.
Lessons for other species?
Similar to many other species (including humans), maize is a naturally outcrossing species and may also be similar in its genetic architecture. Those working on such species might be reassured by the fact that, with appropriate resources, a large proportion of trait variation may be explained by simple SNP associations. In contrast, an experimental approach based on 5,000 inbred lines with phenotyping of hundreds of thousands of individual plants resulting in heritabilities approaching 100% is out of the reach of many research communities at present. Nevertheless, the complementarity of association-and linkage-based approaches provides one potential way forward. These studies show that using linkage-based analytical approaches to combine effects of several different alleles can potentially identify new loci and explain additional variation for complex traits.
There is still some way to go to understand these results in maize, let alone to explore factors such as the substantial heterosis evident in maize crosses. Nonetheless, these results add substantially to our understanding of the genetic variation of complex traits in maize and are likely to lead to further understanding by identification of the underlying causative mutations in the future.
can increase genetic variation through transposon mobilization, and this newly induced genetic variation can be genetically assimilated over many generations to increase the fitness of the organism. This work suggests that Piwi is an adaptively inducible 'canalizer' . 'Canalization' is a term proposed by Conrad Waddington in 1942 to explain how assimilation of specific alleles in a population stabilizes a phenotype from environmental stress to produce developmental robustness 7 . The beneficial effect of transposon mobilization is not a new idea; Barbara McClintock proposed in her Nobel Prize seminar in 1983 that transposon mobilization in times of stress can be a last-ditch mechanism of genome reorganization 8 . epigenetic variation 2 , suggesting that the new synthesis should be expanded to incorporate both genetic and epigenetic sources of variation on which selection can act.
Piwi suppresses genetic variation
The Piwi-interacting RNA (piRNA) binding protein Piwi 3 , which is in the Argonaut family of small-RNA slicing proteins, was recently found to prevent transposon mobilization in the male germline by 'slicing' (cleaving) transposon RNAs 4, 5 . Then, Specchia et al. 6 showed that reducing the expression of Hsp90, a chaperone that helps signaling proteins fold properly, disrupts piRNA-mediated silencing and leads to transposon activation. Specchia et al. 6 proposed that loss of piRNA The (new) new synthesis and epigenetic capacitors of morphological evolution
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a new study shows that the piRna-binding protein Piwi interacts with Hsp90 and suppresses phenotypic variation in Drosophila melanogaster by preventing the expression of hidden epigenetic variation. This suggests that Hsp90 and Piwi function are dampened in times of stress to increase genetic and epigenetic variability, providing a last-ditch mechanism for a species to survive. In addition to the exciting finding that Piwi functions in a complex with Hsp90, the authors show that Kr mRNA expression itself is increased in the heads of flies with ELBOs 2 . As Kr If-1 is a spontaneous mutation that is presumably caused by a transposon insertion (the allele has not yet been fully characterized), an attractive model is that Piwi silences the Kr If-1 allele by targeting its transposon for cleavage, similar to how it silences other transposons (Fig. 1a) . Piwi is thought to silence transposons in two sequential steps: first by slicing the transposon transcripts and then by interacting with heterochromatin protein-1 (HP1) and directly repressing transcription of the transposons 10 (Fig. 1a) . If Kr If-1 is caused by a transposon insertion, then recruitment of Piwi and HP1 to the Kr If-1 locus may repress expression of Kruppel in the developing eye and prevent ELBO formation (Fig. 1a) . If Hsp90, Piwi or both are inactivated, by the Hsp90 inhibitor geldanamycin, by genetic loss or by exposure to stress, then transposons are expressed and mobilized, Kr If-1 is expressed and ectopic Kruppel in the eyes causes the ELBO phenotype (Fig. 1b) .
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Although this is an attractive hypothesis to explain how loss of Piwi might cause transposon mobilization, Piwi may be involved in a more complex epigenetic mechanism, such as DNA looping or localization to 'Polycomb bodies' , which are distinct nuclear loci where repressive Polycomb complexes aggregate 11 . We found, for instance, that the Kruppel localization pattern in the developing eye is indistinguishable in Kr If-1/+ flies regardless of whether the ELBOs are present or not (D.M. Ruden & V. Sollars, unpublished data), suggesting that the eye outgrowth phenotype is not a simple result of Kruppel overexpression. In summary, the results of Gangaraju et al. 2 provide evidence for a model in which Piwi functions as an adaptively inducible canalizer to both suppress transposon-mediated mutagenesis and suppress epigenetic variation.
The (new) new synthesis
These findings make clear that epigenetic and mutagenic processes are not an alternative to genetic adaptation. Rather, they are mechanisms induced in response to some stimulus, and the changes can potentially be transmitted across generations. Thus, there is a need for a '(new) new synthesis' or 'ultramodern synthesis' that incorporates the range of responses an organism makes to environmental change. The theory should take into account genetic and epigenetic adaptation, the timescales of these processes, the potential for reversibility and the interplay between individual and population processes.
Roles for epigenetic and mutagenic mechanisms in evolutionary theory are not new. These concepts can be traced back to another influential, but more controversial, paper published in 1942, in which Conrad Waddington defined epigenetics as "the branch of biology which studies the causal interactions between genes and their products, which bring the phenotype into being" and argued that there is a bidirectional interaction between the environment and genes 7 . 
